Zirconium zeolite system, with 1 wt.% of Zr, investigated in this study, was prepared by impregnation method. Sample of zeolite ZSM-5 powder with silica module 80 was impregnated by a solution of zirconium sulfate (IV), dried and calcined in a muffle oven at 500°C for 2 hrs. Undeniable advantage of this method is efficient use of Abstract: In this paper, we have shown modification of high-silicon zeolite ZSM-5 by zirconium, and the results of ethanol conversion on this catalyst. Effect of process parameters on the selectivity of ethanol dehydration products was analyzed. In addition, a mechanism of aromatic hydrocarbons formation including reactions of dehydrogenation, dehydrocyclization and alkylation of intermediates was discussed. It was found that with increasing temperature a selectivity decreased for reactions of isomerization and increased selectivity for aromatic products and products of cracking reactions. The data also confirms that hexene-1 is an intermediate in the conversion process of ethanol and the catalyst system with 1% Zr-ZSM-5 has a bi-functionality. Catalytic properties of the system in the conversion of hydrocarbons are determined by the presence on their surface of both Broensted and Lewis acid sites.
also a problem of increase in CO 2 emissions from the combustion of the organic material. The most promising renewable energy source is biomass, which is essentially a natural accumulation of carbon compounds, most of which were obtained by absorption of carbon dioxide from the air.
The production of ethyl alcohol is one of the oldest methods of biomass treatment. Ethanol, in turn, can be used as motor fuel; however, due to high hygroscopicity such fuel cannot be used at temperatures below zero. Another way is ethanol dehydration, which produces the ethylene, diethyl ether and hydrocarbons of various structures. Implementation of direct conversion of ethanol and fermentation mixtures of hydrocarbons is possible on the catalysts based on ZSM-5 − pentasil family of zeolites. These catalysts are used in industrial processes such as alkylation of aromatics, reforming, as well as the conversion of methanol to gasoline [1] .
In these zeolites (of the pentasil type), a key element of the crystal lattice is a fragment of the five-and sixmembered rings, the combination of which gives the chain and thus forming layers. When the zeolite channel system is formed, a circular ten-membered cross section has ring diameter of 0.54−0.56 nm. The average pore size of the zeolite is such that it prevents the formation of hydrocarbons having carbon atoms in the molecule larger than 12, which provides high selectivity in the conversion of ethanol to gasoline range hydrocarbons [2] [3] .
The aim of this work is to study the activity of high-silicon ZSM-5 catalyst with the silicate module 80, promoted by zirconium, and chemical reactions of ethanol.
Introduction
A steady rise in prices for oil feedstock in the past few years is causing higher prices of the major oil products. Сurrently, active research is focused to study of a new type of materials, which may soon replace both the oil production and chemical industries. Natural gas and coal, which are non-renewable energy sources, are usually considered an alternative to oil. Furthermore, there is
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Open Access the active component due to its high dispersion, fewer harmful waste, simplicity and availability of starting materials. With a small amount of active component, the porous structure of zeolite is not very different from the structure of the starting zeolite.
A study of the catalytic activity of the 1% Zr-ZSM-5 in the H-form was carried out in a laboratory unit of the flow type reactor in a temperature range of 300−500°C with step size of 50°C, under atmospheric pressure, and with space velocity of ethanol being 1 h -1
. Powdered catalyst samples were pressed, calcinated and dispersed prior to the reaction. A fraction of the reactor, (about a volume of 11 cm 3 ) was loaded with the catalyst having a grain size of 2-3 mm. Prior to testing, the catalyst was being activated in air flow at 500°C for 1 hour, at a gas feed rate of 2 h -1 . The feed came into the reactor through a feeding system equipped with a three-port valve. The reaction zone of the reactor was heated with an electric furnace and the reactor temperature was controlled with a thermocouple. The products arrived into a receiver that was cooled by water with ice. In the receiver, the vapors of the reaction products were partially condensed. The uncondensed gaseous products arrived into a gasometer filled with saturated NaCl solution. A manometer measured the gas pressure in the system. The gas distribution system was equipped with a three-port valve to allow switching the gas flow either to the gasometer or for release.
Chromatographic analysis of the products was carried out on a Crystal 5000 analytical stationary laboratory chromatograph designed for analysis of organic compounds with boiling temperatures up to 250°C by gas-liquid and gas adsorption chromatography. The chromatograph was equipped with a DB-1 column 100 m long, of a 0.25 mm diameter, while polymethylsiloxane being the stationary liquid phase and helium served as the carrier gas. Component composition was analyzed by means of a flame ionization detector (FID). Components were identified with the use of the "Alkylates", "Naphtha", and "Reformat" standards. The concentration of components (wt.%, vol.%, mol%), average values of the molecular weight, relative density, the pressure of saturated vapor, research octane number, motor octane number and distilling temperature, were calculated by means of a Chromatek-Analitik program, specially developed for detailed hydrocarbonic analysis.
Results and Discussion
Specific surface area of 1% Zr-ZSM-5 (M = 80 mol mol -1 ) catalyst was found to be 205 m 2 g -1
.
To study catalytic properties of 1% Zr-ZSM-5 catalyst, the catalytic tests at different temperatures in conversion of ethanol were carried out for sample pretreated in air flow at a volumetric feed rate of 1 and 2 h -1 at 350°C, as this temperature provides the best hydrocarbon composition. The results of the chromatographic analysis of products are shown in Table. 1.
Investigation of the temperature effect on the conversion of ethanol revealed that with increase of temperature, yield of paraffins C 1 -C 3 and aromatic C 6 -C 8 hydrocarbons increases, but the yield of olefins C 2 -C 4 and C 5 aliphatic hydrocarbons decreases. The conversion of ethanol increases up to ~99.9% with the reaction temperature. The maximum yield of i-alkanes is also observed at a process temperature of 350°C. The chromatographic analysis of aromatic hydrocarbons composition revealed that the toluene and xylenes prevail; and xylenes content exceeding that of the toluene. The maximum content of toluene and xylene in the reaction products is observed at 400°C. The octane number of products and the content of aromatic hydrocarbons and isoparaffins (Table 2) , were increased with the increase of temperature. The best hydrocarbon composition was observed at 350°C with 24.8 wt% of isoparaffins and 11,8 wt% of arenes. A benzene content of 1% by weight based on the liquid hydrocarbon portion was also observed, which satisfies the standards of motor fuel grade "Euro-5".
Despite the use of modern investigation methods and extended range of studied catalysts, the sequence of formation of the products of ethanol conversion reaction, transformation scheme of lower alcohols to hydrocarbons C 1 -C 10 , remained virtually unchanged. It is assumed that the formation of the highest aliphatic and aromatic hydrocarbons occurs by combination and cyclization of C 2 -C 4 olefins and carbenium ions [4] [5] [6] [7] . For example, ethanol is converted successively into diethyl ether and C 2 surface carbenium species that may form ethylene. Further, C 2 surface species by reaction with gaseous ethylene can give C 4 surface complexes. The latter species can take part in reactions of oligomerization, isomerization, cyclization, dehydrogenation to aromatics and hydrogenation to saturated aliphatic compounds. In the formation of aromatics, reactions of alkylation by CH 3 + and C 2 H 5 + species may be also involved. Alkylation by carbenium ions C 3 H 7 + and C 4 H 9 + does not occur due to constraints imposed by the structure of ZSM-5.
Assuming that the olefin-containing compounds are the precursors of aromatics, experiment was carried out using 1-hexene as feed at 350°C as the best hydrocarbon composition was obtained at this temperature. The results of the chromatographic analysis are shown in Table 3 . The table shows that the main reaction products are propane, toluene, xylene, and isobutane. Toluene and xylene are formed in a comparable amounts. In reaction products, propane is present in a significant amount. Hence, it can be assumed that propane is formed by rupture of the hydrocarbon chain of hexene-1 in the β-position, followed by carbocation saturation with hydrogen to propane. In case of aromatic compounds, there are several possible ways of their formation during the conversion of ethanol over zeolites of ZSM-5 type. First, they can be formed by oligomerization of olefins [8] [9] [10] . Here, carbenium ion and olefin gives the olefin a higher molecular weight, which is cyclized with the redistribution of hydrogen and formation of an aromatic hydrocarbon. Secondly, aromatic hydrocarbons can be formed in the disproportionation reaction, isomerization, alkylation, dealkylation and cracking initially formed arenes. There are no hexenes, cyclohexane in reaction products and there is a small amount of benzene. In view of this, we can assume that benzene is formed by dehydrocyclisation of hexene. It is most likely that the aromatic hydrocarbons are formed by this is determined by diffusion inhibition of molecules of iso-paraffins in the pore catalyst that promotes behavior of secondary reactions like this dehydrogenation and dehydrocyclization and cracking.
Conclusion
A high silica modified catalytic system 1% Zr-ZSM-5 (M-80) was prepared by impregnation of zeolite with zirconium sulfate (IV) solution. It was shown that hexene-1 is an intermediate in the conversion process of ethanol. The high octane number liquid products obtained (MI at 100), low coking, high degree of conversion (99%), aromatics high selectivity (19%) and iso-products (40%) indicate a promising catalyst for industrial process. Based on the experimental data, scheme of ethanol conversion on this catalyst was suggested.
disproportionation of hexene-1 followed by aromatization. The earlier study [4] has suggested that all the aromatic compounds are formed by the cyclization of olefins, which are the secondary and unstable intermediates and p-xylene and p-methylbenzene are the only volatile aromatics. Among aromatic products, these compounds are initially formed and easily isomerized into thermodynamically more stable meta-and ortho-isomers. One could argue that hexene-1 is an intermediate in the conversion of ethanol on the catalyst Zr-ZSM-5. The physical and chemical characteristics of high silica zeolite and the behavior of ethanol reaction on the catalyst system have allowed to propose a scheme of hydrocarbons conversion reactions on the ccatalyst surface. Zeolite activity in a specific type of reaction is determined by the structure and the active surface sites. Catalyst system with 1% Zr,ZSM-5 has bifunctionality. Catalytic properties of the system in the conversion of hydrocarbons are determined by the presence on their surface of both Broensted and Lewis acid sites. When the temperature increases, a selectivity decreases for reactions of isomerization and increases selectivity for aromatic products and products of cracking reactions. Probably, in addition to thermodynamic factors, 
